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(54) ZOOM LENS 
(57)Abstract: 

PURPOSE: To decrease the fluctuations in various aberrations by consisting a first 
lens group of a stationary front group which has negative and positive lenses and a 
moving rear group which has a negative lens and two positive lenses and specifying 
the focal length of the rear group and the Abbe numbers of the material of the 
negative and positive lenses so as to satisfy a prescribed conditions. 
CONSTITUTION: The first lens group F consists of the stationary front group 11 and 
the rear group F1 2 of positive refracting power for focusing. The rear group 12 has the 
one negative lens and the two positive lenses and the focusing is executed by moving 
the rear group F12 to the object side. A compensator C is moved to correct the 
fluctuation in the image plane associated with the variable power. The zoom lens has a 
relay group R of positive refracting power as a fourth group. The zoom lens satisfies 
the conditions V 1 1N- V 12P<-55, V 1 1 N- V 21 N<-10, -0.65<f21/FC1 2<-3.5 when 
the focal length of the rear group is defined as FC12 and the Abbe numbers of the 
materials of the negative lens and the positive lens are defined as V 1 1N P V 12P, the 



focal length of negative lens and the Abbe numbers of the material are respectively 
defined as f21 f Z/21N. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In a zoom lens with the 4th RENSU group which has in order the 1st lens 
group of forward refractive power, the 2nd lens group of the negative refractive power 
for variable power, the 3rd lens group that amends the image surface fluctuation 
accompanying variable power, and an image formation operation from a body side This 
1 st lens group consists of the rear group which has the pre-group of immobilization, 
and forward refractive power at the time of a focus, and moves to a body side at the 
time of the focus to a near body from an infinite distance body. Said pre-group has 
two lenses with which at least one negative lens LN1 1 and at least one positive lens 
LP12 became independent. Said rear group It has at least one negative lens LN21 and 



at least two positive lenses which are arranged from a body side the 1st or the 2nd. 
Respectively the Abbe number of the quality of the material of Fc12, and said negative 
lens LN1 1 and positive lens LP12 for the focal distance of said rear group nu1 1N and 
nu1 2P, the time of setting the focal distance of said negative lens LN21 , and the Abbe 
number of the quality of the material to each f21 and nu21N — nu11N-nu12P 
<-55nu11N-nu21N — < -10-6.5<f21/Fc12 — < -3.5 — the zoom lens characterized 
by satisfying conditions. 

[Claim 2] The zoom lens of claim 1 characterized by satisfying the conditions which 
become Pgd=(ng-nd)/(nF-nc)<1.36-0.00208xnu21 when the thing of d line 
(wavelength of 587.56nm), g line (wavelength of 435.83nm), an F line (wavelength of 
486.1 3nm), and C line (wavelength of 656.27nm) is respectively set to nd, ng, nF, and 
nc among the refractive indexes of the quality of the material of this negative lens 
LN21. 

[Claim 3] When the radius of curvature of the lens side by the side of the body of this 
negative lens LN21 and the image surface is respectively set to ra and rb, it is 
[External Character 1]. 
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The zoom lens of claim 1 characterized by satisfying the becoming conditions. 
[Claim 4] When the focal distance of FT, FNT, and this 1st lens group is respectively 
set to F1 for the focal distance and the f number of the whole system in a tele edge, 
they are 1.CKFN 1< 1.7, however FN1=F1/(FT/FNT). 

The zoom lens of claim 1 characterized by satisfying the conditions which become 
0.9<FC12/ FK1.1. 

[Claim 5] It is [outside 2] when the focal distance of the l-th lens of f11i, nu11i, and 
said 12th group and the Abbe number of the quality of the material are respectively 
set to f1 2i and nu1 2i for the focal distance of the i-th lens of said 1 1th group, and the 
Abbe number of the quality of the material. 

-2. 5xio~ 4 <ef<o mtEF = %idbni 
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The zoom lens of claim 1 characterized by satisfying the becoming conditions. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the zoom lens of the f number 1.7 of 
the short wide angle edge of the near object distance using the so-called inner focus 
type which performs a focus by some lens groups in the 1st group especially, the 
about 13 to-44-zoom ratio diameter of macrostomia, and a high variable power ratio 
about the suitable zoom lens for a television camera, a video camera, a photographic 
camera, etc. 
[0002] 

[Description of the Prior Art] From before, with the miniaturization of a television 
camera in zoom lenses, such as a television camera, the whole lens system is small 
and, moreover, the thing of the diameter ratio of macrostomia and a high variable 
power ratio is demanded. 

[0003] By the method which performs focusing (focus) by the lens group located in a 
body side from a variable power lens group as a zoom lens, since zooming (variable 
power) and focusing can be performed independently, the device for migration can be 
simplified and the focus migration by zooming does not arise, but to the fixed object 
distance, it does not depend on a zoom location, but has the features that focusing 
can be performed in the fixed amount of deliveries. 

[0004] Among such zoom lenses, sequentially from a body side The 1st group of the 
forward refractive power for a focus (focussing-lens group), The 3rd group of 
refractive power forward [ for amending the image surface changed in connection with 
the 2nd group (variable power lens group) of the negative refractive power for variable 
power, and variable power ], or negative (correcting lens group), In the so-called 4 
group zoom lens which consists of an aperture diaphragm and four lens groups of the 
4th group (relay lens group) of the forward refractive power for image formation What 
adopted the so-called inner focus type which is made to move some lens groups in 
the 1st group, and performs a focus is proposed by JP,59-4686,B. 
[0005] In this official report, the 1st group is constituted from three lens groups, the 
11th group of negative refractive power, the 12th group of forward refractive power, 
and the 1 3th group of forward refractive power, the 1 2th group is moved to an image 
surface side, and the focus applied to a point-blank range body from an infinite 
distance body is performed. 

[0006] Moreover, in JP,52-109952,A, JP,55-57815,A, JP,55-1 1 71 1 9,A, JP,61-53696,B, 
and JP,52-41068,B, the 1st group is divided into two or more lens groups in 4 group 
zoom lens, among those the lens group by the side of a body is most considered as 
immobilization at the time of focusing, and it is considering as inner focusing which 
moves a part of lens group by the side of the back image surface from it at the time of 
focusing. 

[0007] Moreover, in JP,52-128153,A, the 1st group is divided into two lens groups, on 



the occasion of focusing from an infinite distance body to a finite distance body, 
spacing of the two lens groups is moved so that it may become large, and focusing is 
performed. 

[0008] Since contiguity photography, especially pole contiguity photography become 
easy and it is generally carrying out by the effective diameter of the 1st group 
becoming small compared with the zoom lens which is made to move the 1st whole 
group and performs a focus, and it becoming easy to miniaturize [ of the whole lens 
system ] the zoom lens of an inner focus type, and moving the lens group of small 
measuring further comparatively, the driving force of a lens group is small and ends, 
and it has the features, like quick focusing is made. 
[0009] 

[Problem(s) to be Solved by the Invention] In a zoom lens, it is a diameter ratio of 
macrostomia (for example, f numbers 1.7-3.3), and a high variable power ratio (13 to 
about [ For example, a variable power ratio ] 44), and it is necessary to set up 
appropriately refractive power (power), a lens configuration, an achromatism 
assignment of each lens group, etc. for moreover obtaining high optical-character 
ability over all variable power range and all focal range. 

[0010] In order for aberration fluctuation to obtain little high optical-character ability 
over all variable power range and all focal range generally, it is necessary to make 
small the amount of aberration which makes power of each lens group small and is 
generated by each lens group, or to make the lens number of sheets of each lens 
group increase, and to increase the degree of freedom on aberration amendment. For 
this reason, if it is going to attain the zoom lens of a high variable power ratio by the 
diameter ratio of macrostomia, air spacing each lens between groups will surely 
become large, or lens number of sheets will increase, and the trouble that the whole 
lens system turns profound length size will arise. 

[0011] moreover, the latest zoom lens for broadcast — setting — more — 

wide-angle-izing — more — high variable power — a ratio izing is desired and 

improvement in the short-distance engine performance and compaction of M.O.D (the 
shortest photography distance) are being further set to one of the important elements 
on a specification and the image effectiveness. 

[0012] However, fluctuation of fluctuation of many aberration by focusing especially 
spherical aberration, axial overtone aberration, astigmatism, etc. was remarkable in 
the zoom lens for broadcast, and it was very difficult to maintain optical-character 
ability good, so that the aberration fluctuation at this time generally has a large focal 
distance — the f number — small — a large — there was an inclination which 
becomes large, so that M.O.D was so short that an aperture ratio. 
[0013] Speaking of the above-mentioned focusing method, with the zoom lens of 
JP,52-109952,A, JP,55-5781 5,A, and JP.55-1 171 19,A, on aberration amendment, 
since there is much configuration lens number of sheets of the 1 st group, the lens 



whole system will be enlarged and complicated and weight will also become heavy. 
[0014] Although the 1st group has comparatively simple composition with the zoom 
lens of JP,61-53696,B, since air spacing of the 1st group at the time of an infinite 
distance focus and a variable power lens group is greatly open and the focal group of 
negative refractive power moves to an image surface side further at the time of a 
-short-distance focusrthe-height-of the axial outdoor daylight line by the side of a wide 
angle will become high by the 1st group, and a lens system will be enlarged. 
[0015] Although the 1st group is made to a comparatively simple configuration and it 
is suitable for a miniaturization with the zoom lens of the delivery method of the 1st 
group, fluctuation of the spherical aberration especially by focusing and axial overtone 
aberration becomes large. For example, spherical aberration falls on an undershirt and 
axial overtone aberration also serves as an undershirt as it becomes a short-distance 
focus. 

[0016] The mechanism of the aberration fluctuation at this time is explained below. 
[0017] Drawing 33 is the explanatory view of the light-gage paraxial system when 
constituting the 1st group from the 1 1th group L1 1 of negative refractive power, and 
the 12th group L12 of forward refractive power. Drawing 34 is the lens sectional view 
of the 1 st typical group L1 in 4 group zoom lens. 

[0018] In drawing 33 , practice is a location at the time of an infinite distance body 
focus, and a dotted line is a location at the time of M.O.D. Since it is a'<a when ha', hb f , 
the 11th group, and an inclination 12th between groups are respectively made into a' 
for the incidence quantity to the 1st group and the 2nd group of a paraxial ray at the 
time of M.O.D which shows ha, hb, the 11th group, and an inclination 12th between 
groups for the incidence quantity to the 1 1th group and the 12th group of a paraxial 
ray at the time of the infinite distance focus shown by practice by a and the dotted 
line respectively, it is hb-ha<hb'-ha\ 

[0019] In the 3rd aberration theory, the 3rd aberration coefficient L of axial overtone 
aberration is proportional to the square of the paraxial-ray quantity h, and the 3rd 
aberration coefficient I of spherical aberration is proportional to the 4th power of the 
paraxial-ray quantity h here. By this focal method, from the time of an infinite distance 
body, since the direction at the time of M.O.D becomes large to a plus direction and, 
as for axial overtone aberration, a multiplier I becomes [ a multiplier L ] large to a plus 
direction similarly to an undershirt, spherical aberration is also changed to an 
undershirt. 

[0020] With the zoom lens of JP,52-41068,B, as shown in drawing 36 , the 1st group is 
divided into two lens groups, among those negative refractive power with weak 
abbreviation no power is given to the 11th group L1 1 by the side of a body, it 
considers as immobilization on the occasion of focusing, and FOSHINGU is performed 
by moving the 1 2th group L1 2 of the forward refractive power by the side of the image 
surface. 



[0021] This is made into the light-gage paraxial system of the 1 1th group and the 12th 
group, and it is shown in drawing 35 . As shown in drawing 35 , the 12th group is shown 
as migration of the principal point. 

[0022] A _cojitmuous line is a paraxial ray at the time of the focus of an infinite 
distance body, and it is hb-ha<hm-hfhb , -ha , **hm , -hf respectively as compared with 
— hfrhmV then- drawing 33 (the-1 st-group-delivery method) about the incidence quantity 
to the 1 1th group and the 12th group of a metal beam of light at the time of M.O.D 
which shows respectively the incidence quantity to the 11th group at this time, and 
the 12th group by hf, hm, and the dotted line. 

[0023] Therefore, according to the zoom lens of this official report, compared with the 
delivery method of the 1 st group, it becomes possible to make small variation of the 
3rd spherical-aberration multiplier I of the time of infinite distance to the time of 
M.O.D, and the axial overtone aberration coefficient L. Therefore, rather than the 
delivery method of the 1st group, fluctuation of the spherical aberration by focusing 
and axial overtone aberration can be decreased. However, the amount of fluctuation 
cannot be satisfied and the further improvement is still desired. 

[0024] With the zoom lens of JP,52-128153,A, the 1st group was divided into two lens 
groups, the both sides were moved at the time of focusing, and the circumference 
engine performance is mainly improved by enlarging spacing of the two lens groups as 
it becomes a short-distance focus. However, according to the example, spherical 
aberration has also fallen on the undershirt at the time of a short-distance focus, and 
the main engine performance is getting worse conversely. 

[0025] It is necessary to set up appropriately the refractive power and the lens 
configuration of each lens group for attaining high specification-ization, attaining small 
lightweight-ization of the whole zoom lens which is generally a request of the latest 
user in addition to this. Especially in 4 group zoom lens, the brightness of the 
refractive power which the 1 st group (front ball group) which influences the magnitude 
and weight of the lens whole system most shares, and a lens group is an important 
element. 

[0026] Furthermore, in a high definition broadcasting format like Hi-Vision, especially 
in order to obtain a zoom and optical-character ability high throughout a focus, the 
aberration fluctuation by the looking-far side of a zoom or the focus must be 
controlled. If the absolute value of fluctuation of axial overtone aberration or the 
chromatic aberration of magnification or the amount of aberration itself is not 
controlled especially as much as possible, it is becoming impossible among these, to 
acquire high resolution. For this reason, it is becoming an important element how the 
1st group (front ball group) which participates in the aberration by the side of a tele 
edge or the aberration by the focus greatly is made to constitute. 
[0027] And, this invention adopting the inner focus method which is made to move 
some lens groups of the 1st group for focuses which constitutes 4 group zoom lens on 



an optical axis, and performs a focus In case diameter[ of macrostomia ]-izing and 
high variable power-ization are attained, by setting up the lens configuration of each 
lens group appropriately the about 1.7 f number of a wide angle edge with [ decrease 
fluctuation of many_ aberration, such as variable power and spherical aberration 
accompanying focusing, and chromatic aberration, and ] high optical-character ability 
over all-variable power-range-and-all focal range-and-a variable-power ratio — it aims 
at offer of the zoom lens of about 1 3 to 44 diameter ratio of macrostomia, and a high 
variable power ratio. 
[0028] 

[Means for Solving the Problem and its Function] The 1st lens group of refractive 
power more nearly forward than a body side to order in the zoom lens of this invention, 
In a zoom lens with the 2nd lens group of the negative refractive power for variable 
power, the 3rd lens group of the forward or negative refractive power which amends 
the image surface fluctuation accompanying variable power, and the 4th lens group 
that has an image formation operation This 1st lens group consists of the pre-group 
of immobilization, and the rear group which moves to a body side at the time of the 
focus to a near body from an infinite distance body at the time of a focus. Said 
pre-group has two lenses with which at least one negative lens LN1 1 and at least one 
positive lens LP12 became independent. Said rear group It has at least one negative 
lens LN21 and at least two positive lenses which are arranged from a body side the 
1 st or the 2nd. the focal distance of said rear group — the Abbe number of the quality 
of the material of Fc12, and said negative lens LN11 and positive tens LP12 — the 
focal distance of each nu11N, nu12P, and said negative lens LN21, and the Abbe 
number of the quality of the material — each f21 and nu21N ** — the time of carrying 
out — nu11N -nu12P <-55 — (1) 
nu11N-nu21N <-10 — (2) 
- 6.5<f21/Fc12<-3.5 — (3) 

It is characterized by satisfying the becoming conditions. 

[0029] In addition, when the thing of d line (wavelength of 587.56nm), g line 
(wavelength of 435.83nm), an F line (wavelength of 486.1 3nm), and C line (wavelength 
of 656.27nm) is respectively set to nd, ng, nF, and nc among the quality of the 
materials of said negative lens LN21 in claim 2 of this invention, it is 
Pgd=(ng-nd)/(nF-nc)<1.36-0.00208xnu21. — (4) 

It is [0030] when the radius of curvature of the lens side by the side of satisfying the 
becoming conditions, the body of said negative lens LN21, and the image surface is 
respectively set to ra and rb. 
[External Character 3] 

1.1 < 1^1 < 5.6 «■ (5) 



When the focal distance of FT, FNT, and this 1st lens group is respectively set to F1 
for the focal distance and the f number of the whole system in satisfying the becoming 
conditions and a tele edge, it is 1,0<FN 1< 1.7. — (6) 
However, FN 1 =F1 /(FT/FNT) 
0.9<FC12/F1<1.1 —(7) 

It is [0031] when the focal-distance -of the i-th lens of fl 1i,-nu1 1i, and-said 12th group 
and the Abbe number of the quality of the material are respectively set to f12i and 
nu12i for the focal distance of the i— th lens of satisfying the becoming conditions and 
said 11th group, and the Abbe number of the quality of the material. 
[External Character 4] 
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It is characterized by satisfying the becoming conditions. 
[0032] 

[Example] Drawing 1 , drawing 2 , drawing 3 , and drawing 4 are the lens sectional 
views in the wide angle edge of the numerical examples 1 , 2, 3, and 4 of this invention 
respectively. For drawing 5 - drawing 1 1 , the aberration Fig. of the numerical example 
1 of this invention, drawing 12 - drawing 18 are [ the aberration Fig. of the numerical 
example 3 of this invention, drawing 26 - drawing 32 of the aberration Fig. of the 
numerical example 2 of this invention, drawing 1 9 - drawing 25 ] the aberration Figs, of 
the numerical example 4 of this invention. 

[0033] In drawing 1 - drawing 4 , F is the 1st lens group (front ball lens group) of 
forward refractive power, and consists of two lens groups, the pre-group F1 1 of 
immobilization, and the rear group F12 of the forward refractive power for focuses. 
The pre-group F1 1 has at least one negative lens LN1 1 and two lenses with which at 
least one positive lens LP12 became independent. The rear group F12 has at least one 
negative lens LN21 arranged from a body side the 1st or the 2nd, and at least two 
positive lenses. The focus from an infinite distance body to a point-blank range body 
is moved to a body side, and is performing the rear group F12. 

[0034] V is BARIETA of the negative refractive power for the variable power as the 
2nd group, and is performing variable power from a wide angle edge (wide) to a tele 
edge (call) by making it move to an optical-axis top image surface side in monotone. 
The 2nd group V is changed in the field where an image formation scale factor 
includes actual size (-1 time) in the case of variable power. 

[0035] C is the compensator of refractive power forward [ as the 3rd group ], or 
negative, and it is moving in order to amend the image surface fluctuation 
accompanying variable power. SP extracts and R is the relay group of the forward 



refractive power as the 4th group. G is color-separation prism, a light filter, etc., and 
this drawing shows it as a glass block. 

[0036] Since the amount of deliveries of the 1st group becomes fixed to the same 
object distance in each focal distance, the so-called front ball focus method which 
generally performs focusing by the 1 st whole group by the side of a body most in 4 
group-zoomiens-has-the features that lens barrel-structure becomes easy. 
[0037] However, in order for the 1 st group to have forward refractive power, for the 
effective diameter of the 1 st group to increase in order to secure an axial outdoor 
daylight bundle in order that the 1 st group may move to a body side in case focusing is 
made a point-blank range body in a wide angle edge in the zoom lens containing an 
extensive field angle, and to move the 1st group with comparatively heavy weight, 
driving torque increases, and a quick focus becomes difficult. 

[0038] Then, in the zoom lens with which it has the above-mentioned configuration in 
this invention, and is satisfied of conditional expression, by adopting the inner focus 
method which considers a pre-group F1 1 for focusing from an infinite distance body 
to a point-blank range body as immobilization, and is held by moving a rear group F12 
to a body side, increase of the lens effective diameter of the 1st group F is prevented, 
the miniaturization of the whole lens system is attained, and shortening of point-blank 
range is attained further. 

[0039] Furthermore, the pre-group F1 1 of this immobilization separates at least one 
negative lens LN11 and comparatively small space spacing in order, and constitutes 
them from a body side by at least one positive lens LP12. 

[0040] In the pre-group F1 1 of this immobilization, it is [ difference / of the Abbe 
number of the quality of the material of a negative lens LN1 1 and positive lens LP1 2 ] 
large in that difference like conditional expression (1), and the Abbe number of a 
negative lens L21 is greatly set up for the difference of the Abbe number of the 
negative lens LN11 of a pre-group, and the negative lens L21 of a rear group like 
conditional expression (2). This has amended fluctuation of the chromatic aberration 
by zooming or focusing good. 

[0041] In addition, it did not carry out using a negative lens LN11 and positive lens 
LP12 as a cemented lens, but comparatively small air spacing is separated and 
arranged. The space which changes with the radius of curvature of the lens side by 
the side of the image surface of the negative lens LN11 which sandwiched this air 
spacing, and the radius of curvature of the lens side by the side of the body of positive 
lens LP 12, and the so-called air lens are in abbreviation etc. by carrying out, and 
radius of curvature constitutes them in the convex positive meniscus lens 
configuration at the body side. 

[0042] By constituting this air lens, when the degree of freedom of the (a) design 
increases, an assignment of aberration amendment is mitigated. 

(b) Since the rapid degree of each aberration can be performed, especially control of 



high order aberration becomes simple. 

(c) In order that a negative lens LN1 1 may separate, in order to extrude the principal 
point of a front ball lens group, contribute to a miniaturization. 
The effectiveness of ** is pulled out. 

[0043] Furthermore, the rear group F12 which is a focal migration group has at least 
~ one negative-lens and at least two positive lenses which are arranged the 1st or the 
2nd from the body side, and in order to obtain high optical-character ability 
corresponding to high variable power and short MOD, it constitutes them with the 
necessary minimum design degree of freedom which amends fluctuation of spherical 
aberration, astigmatism, distortion aberration, chromatic aberration, etc. 
[0044] Moreover, he defines the focal distance of the negative lens LN21 of a rear 
group, and is trying to control the aberration fluctuation at the time of focusing like 
conditional expression (3). 

[0045] If the upper limit of conditional expression (3) is exceeded and the focal 
distance Fc 12 of the rear group which is a focal migration group becomes large, the 
amount of delivery by focus operation will increase. For this reason, the dead space in 
the front ball lens group F will increase, and the whole front ball lens group which 
influences the magnitude and weight of a zoom lens will be enlarged. On the contrary, 
if a minimum is exceeded and the focal distance Fc 12 of a rear group becomes small, 
although the whole front ball lens group can attain a miniaturization, since the radius 
of curvature of each lens element which constitutes a rear group F12 becomes small 
rapidly, it will become difficult to amend the aberration fluctuation by zooming or 
focusing. 

[0046] Although the purpose of the invention in this application is attained under the 
above configuration, he is trying to obtain very high optical-character ability also with 
careful attention to the quality of the material used for each lens element in addition 
to this. For example, when the primary achromatism is carried out about two 
wavelength like C line and an F line, a secondary spectrum remains. Although the lens 
by which color correction was carried out about three wavelength included to g line as 
opposed to this primary achromatism is called apochromat, in order to attain this 
apochromat, it constitutes from a positive lens and a negative lens, and it is necessary 
to use the quality of the material to which the value of partial dispersion is equal in 
addition to the primary achromatism of the chromatic-aberration amendment by 
having detached those Abbe numbers greatly. 

[0047] A partial dispersion ratio is primary dispersion nF-nc here. Two wavelength 
lambda 1 of the receiving arbitration, and partial dispersion of lambda 2 [0048] 
[External Character 5] 
n Xt — ii i, 

It is the thing of a ** ratio. 



[0049] If achromatism is made about three points, C line, an F line, and g line, since a 
chromatic-aberration curve is continuation, a secondary spectrum will become very 
small to a visible region at large [ 400nm - 700nm ]. 

[0050] Then, about the quality of the material of the lens in the 1st lens group, it is 
minding as follows. 

(i) About-the-pre-groupr-since the achromatism -of- paraxial is the-need like the 
above-mentioned conditional expression, in order to carry out the primary 
achromatism, the difference of the Abbe number of a positive lens and a negative lens 
is enlarged. For example, the positive lens uses that to which the Abbe number 
exceeds 90. a typical thing — a fluorite etc. — high — the anomalous scattering 
quality of the material is used. The negative lens uses conversely what has the small 
Abbe number for this. The difference of the Abbe number is as conditional expression 
(1). however, the Abbe number — very much — small — in addition — and the 
present condition is that what has the partial dispersion ratio Pgd of g line and d line 
close to the quality of the materials of high anomalous scattering, such as a fluorite, 
hardly exists. 

(ii) The rear group which is a focal migration group arranges the negative lens from the 
body side to the 1st or the 2nd. Since this is a location where the axial ray incidence 
quantity h becomes the highest by the tele edge, it is one of reasons that it is a 
location suitable for practicing the achromatism for reducing the axial overtone 
aberration of a tele edge. 

[0051] Then, the partial dispersion ratio Ppd of a negative lens is restricted like 
conditional expression (4). this is a negative lens and small air spacing — it is — the 
greatest effectiveness in the achromatism of a tele edge is mentioned by making it the 
combination of achromatism to which the Abbe number is 60 or more, and the partial 
dispersion ratio of a negative lens is equal to the positive lens which adjoins in the 
form of junction if possible with it using what has a comparatively large partial 
dispersion ratio. 

[0052] Moreover, since the difference of the partial dispersion ratio of a positive lens 
and a negative lens will become remarkably large if the upper limit of conditional 
expression (4) is exceeded, it becomes the inclination for the effectiveness of 
reduction of the secondary spectrums in a tele edge to get worse. 

(iii) the quality of the material in which, as for the positive lens following the 
combination of the negative lens and positive lens of a rear group, the Abbe number 
exceeds 54 similarly — using — in addition — and the quality of the material which is 
a high refractive index if possible is used. This is for taking out the principal point as a 
front ball group in order to amend transverse chromatic aberration, such as a 
curvature of field by the side of a wide angle, and distortion, not to mention the 
spherical aberration of a tele edge and to make radius of curvature as loose as 
possible. 



[0053] In this example, optical arrangement and the restriction of the front ball lens 
group F are determined as mentioned above. The so-called floating effectiveness can 
be acquired by satisfying these optical arrangement and restrictions. 
[0054] Floating changes the include angle and height in which a beam of light passes 
air spacing of a certain arbitration in the lens group which moves in case the object 
™distance™changes and focuses by expanding or reducing- according to delivery, and 
controls aberration fluctuation here. 

[0055] Thus, in this example, the pre-group F1 1 of immobilization of the front ball lens 
group F and the rear group F12 for focal migration constituted, the quality of the 
material of power arrangement and a lens element and an aberration assignment were 
set up appropriately, and many aberration in the zoom whole region and the focal 
whole region especially spherical aberration, and axial overtone aberration are 
amended good. 

[0056] In addition, when more than one exist about nu1 1, nu12, and nu21, a definition 
is given as the average. 

[0057] By the way, it is not desirable to give refractive power comparatively strong 
against satisfying the above-mentioned conditions (3) to the negative lens LN12 in the 
rear group F12 which is a focal migration group. As for the lens configuration of this 
negative lens, under such a focal distance, it is desirable on aberration amendment to 
stop within the limits of conditional expression (5). 

[0058] In being less than a lower limit in conditional expression (5) in relation to this 
conditional expression (3), the negative lens in a rear group has the strong refractive 
power of emission, and shows that the lens configuration where a periphery is very 
thick is carried out compared with a core. In such a case, the next demerit becomes 
remarkable. 

(i) By optical arrangement of paraxial, if a negative lens with the strong refractive 
power of emission exists in a focal migration group to having explained by the 
comparison of the focal method of above-mentioned drawing 33 - drawing 36 , even if 
it is the inner focus method shown in drawing 35 , the include angle alpha which 
carries out outgoing radiation of the focal fixed group will become small, and the 
difference of hm-hf and hb-ha will become small. Therefore, though an inner focus 
method is adopted, it becomes difficult to make aberration fluctuation small. 

(ii) If a negative lens with the refractive power of emission strong in a focal migration 
group exists, since it will become difficult to extrude the image side principal point of 
the 1 st group which has forward refractive power as a whole, dead space increases 
from the time of the optical arrangement by paraxial, and a miniaturization becomes 
impossible. 

(iii) If the thickness of a periphery becomes thick too much, since the height of the 
axial outdoor daylight line h which passes the effective aperture of a focal migration 
group to the limit by the wide angle side will become very high, a front ball diameter 



becomes large and a miniaturization becomes difficult. 

[0059] Conversely, in exceeding a upper limit in conditional expression (3) and (5), the 
negative lens in a rear group has the very weak refractive power of emission, and 
turns into a negative lens which does not almost have the difference of the thickness 
of a core and a periphery. In such a case, it not only becomes existence of only 
increasing dead-spacer but the operation for thedenial of-aberration is almost lost and 
the difficulty of manufacture serves as an inclination which becomes high by leaps and 
bounds in processing of an actual lens. 

[0060] Next, the zoom lens of this invention is satisfying conditional expression (6) in 
the front ball lens group (the 1 st group) F first, in order to have a 1 4 to about 44 times 
zoom ratio and to realize diameter-ization of macrostomia throughout a zoom further. 
This uses the bright lens system. Although it will become a desirable direction to 
diameter[ of macrostomia ]-izing if a lower limit is exceeded, it becomes difficult to 
perform aberration amendment. If a upper limit is exceeded, it will become difficult to 
obtain a bright zoom lens. 

[0061] Moreover, in consideration of the balance of a miniaturization of 
optical-character ability and the 1 st lens group, it is necessary to restrict the focal 
distance Fc 12 of a rear group F12 under this conditional expression. In the zoom lens 
of which high optical-character ability is required like the zoom lens for broadcast, 
since an impossible miniaturization is attained and optical-character ability is not 
reduced, it is good for limit within the limits of conditional expression (7) to stop the 
focal distance of a rear group. 

[0062] It is in the inclination which the path of the 1st lens group enlarges and is not 
desirable, while the optical power of a rear group will become weak and the movement 
magnitude in the case of a focus will become large, if a upper limit is exceeded. On the 
other hand, if a lower limit is exceeded, the optical power of a rear group will become 
strong and amendment of many aberration changed in a spherical-aberration list will 
become difficult. 

[0063] By the way, especially in the formation of an inner focus, although the 
achromatism of only a pre-group F1 1 is enough about the achromatism which should 
be taken into consideration in a paraxial field, when actually making a lens heavy-gage, 
since the thickness of the whole 1st lens group F becomes very large, the error of the 
Miyoshi aberration to heavy-gage-izing will become large. Then, the achromatism for 
amending the error from the field in Miyoshi was needed, and conditional-expression 
(8) - (10) has prescribed. Both EF and EM are parameters which show the degree of 
achromatism, if it is ET=EM=0, the achromatism in the 1st group F will become 
sufficient thing, and the amount of the axial overtone aberration in a tele edge will 
decrease. As the technique of bringing EM close to EF andO, the focal distance of (i) 
each lens element is enlarged. 

(ii) The Abbe number of the quality of the material of each lens element is enlarged. 



(iii) A positive lens and a negative lens constitute the configuration of the lens 
element of each group, and it is negated. 

Things are mentioned. However, the item of (i) disagrees with small [ of the zoom lens 
whole system ]. In fact, the Abbe number of the quality of the material has only about 
20 to 95 width of face, and the item of (ii) is [ the Abbe number ] limited. Therefore (iii) 
— becomes a-means with the-most-effective item, it was difficult-for especially the rear 
group that is a focal migration group in an inner focus method although the pre-group 
F1 1 was alike and easy to bring the value of EF close to 0 with the combination of a 
negative lens and a positive lens conventionally to be constituted by only two or more 
positive lenses from before, and to bring the value of EM close to 0. The aim which 
attains a miniaturization as much as possible having been one of reasons for having 
constituted the focal migration group only from a positive lens as for one, and 
especially another are because the secondary spectrum was level with few real use 
top problems in the tele edge. However, since the spatial frequency at the time of 
using a zoom lens when it comes to a high definition image like Hi-Vision will be 3 
times the conventional method, it needs to carry out ultimate **** amendment 
especially of the chromatic aberration of a tele edge. Then, the achromatism in a 
pre-group F1 1 and a rear group 12 must be small amended, as shown in conditional 
expression (8) and (9). 

[0064] Conditional expression (10) is a parameter which shows the denial of the 
degree of the achromatism of the whole front ball group as the 1 st lens group F, i.e., 
the chromatic aberration of a pre-group and a rear group. It becomes insufficient 
amending [ of the achromatism in a front ball group ] that it is less than the lower limit 
of this conditional expression (10), it becomes conversely superfluous [ achromatism ] 
to exceed a upper limit, the excess and deficiency of achromatism arise for the 
amendment which cancels the excess and deficiency of the achromatism of a front 
ball group also in any optical system after BARIETA or case, and evils, like fluctuation 
of the chromatic aberration in a zoom middle region becomes large come out. That it 
is the same as that of this hits also to the interior of a front ball group, and it is ****. 
In conditional expression (8), if the value of EF is less than a lower limit, in order to 
negate the chromatic aberration in a front ball group, achromatism EM of a focal 
migration group tends to deny exceeding a upper limit. For this reason, as drawing 35 
also explained, since the achromatism of a focal migration group is insufficient, in 
addition to change of the axial ray incidence quantity h in infinite distance and MOD, 
fluctuation by the focus of axial overtone aberration will become large. 
[0065] On the contrary, if the value of EF serves as forward in conditional expression 
(8), the need that the achromatism of the focal migration group F12 serves as 
negative will come out. In order to make the value of EM negative, satisfying 
conditional expression (7), the need that a negative lens with the very strong 
refractive power of emission exists in a focal migration group comes out. 



[0066] Next, the numerical example of this invention is shown, a numerical example — 
setting — Ri — a body side — the i-th lens thickness and air spacing, nickel, and nui 
are the radius of curvatures of the i-th lens side, and Di is the refractive index and the 
Abbe numberof glass of the i-th lens in order from an each body side in a body side. In 
a numerical example, two or the three last RENSU sides are glass blocks, such as a 

-faceplateandafilterr — — 

[0067] Moreover, the relation between the above-mentioned monograph affair type 
and many numeric values in a numerical example is shown in Table -1. 
[0068] An aspheric surface configuration makes the travelling direction of H shaft and 
light forward to the X-axis, an optical axis, and a perpendicular direction in the 
direction of an optical axis, and is R Paraxial radius of curvature, K and A2, A3, A4, and 
A5 It is [0069] when it considers as an aspheric surface multiplier respectively. 
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[0076] Next, the description of each numerical example of this invention is explained. 
[0077] The numerical example 1 shown in drawing 1 has a zoom ratio exceeding 13 
times, and R1-R10 are the 1st lens groups F (the focal group F). Among these, R1-R4 
are the focal fixed groups F1 1 which are immobilization and have power (refractive 
power) negative on the whole on the occasion of zooming and a focus. R5-R10 have 
power forward by the pre-group F12. It has power forward by nothing and the whole 
1st lens group F for the 1st lens group F operation which has the operation which 
connects the object point to BARIETA V by R1-R10. 

[0078] R1 1-R18 are BARIETA V which mainly contributes to variable power, moves to 
an image surface side in monotone on the occasion of the variable power to a call 
since wide, and passes one -1 time (actual size) the image formation scale factor of 
this on the way. R19-R21 are Compensators C, mainly have an operation of the image 
point amendment accompanying variable power, and also have a browning twice 
operation. Compensator C has forward power, and since wide, it moves to a body side 
in monotone from a wide angle edge criteria location on the occasion of the variable 
power to a call. SP (R22) is a diaphragm. 

[0079] R23-R39 are the relay groups R which have an image formation operation, and 
R40-R42 are glass flocks equivalent to color-separation prism. 

[0080] When the f number of a front ball lens group is defined as FN1=f1 (fT/FNT) as 
an index of diameter[ of macrostomia ]Hzing, in this example, it is FN 1= 1.197. 
[0081] To these diameters of macrostomia, and a power assignment, by the 1st lens 
group, have arranged one negative lens and one positive lens in the focal fixed group 



for amendment of spherical aberration or axial overtone aberration, two positive 
lenses were made to use and share with a focal migration group, and it has amended. 
[0082] Generally, the lens configuration of the front ball lens group F is as much as 
possible simple, and its one where the thickness of a block is smaller is desirable to 
small [ of the zoom whole system ], power-saving of a drive system, etc. For this 
reason, the front ball lens group F is wanted to lessen lens number of sheets as much 
as possible. 

[0083] On the other hand, it becomes difficult for the f number FN1 of a front ball lens 
group to amend zooming, the spherical aberration by the focus, axial overtone 
aberration, etc., since it will become very bright and a power assignment of a front ball 
also becomes a strong thing in addition as mentioned above. 

[0084] So, in this example, generating of spherical aberration and axial overtone 
aberration is suppressed using the negative lens with the very high refractive index of 
the quality of the material of a pre-group lens by using a positive lens with the very 
large Abbe number of the quality of the material for coincidence into a pre-group. At 
this time, the difference of the Abbe number of the quality of the material of the 
negative lens of a pre-group and a positive lens is nu1 1-nu12=-67.46. 
[0085] The refractive power of the negative lens in the rear group FC1 2 at this time is 
f21/FC12=-3.728, and the partial dispersion ratio and shape factor of the quality of 
the material of this negative lens are (ng-nd)/(nF-nc)=1.263[0086], respectively. 
[External Character 12] 



= 3.936 



It has become. 

[0087] Moreover, difference nu11-nu21 of the Abbe number of the quality of the 
material of the negative lenses which are the standards of an achromatism assignment 
of a pre-group and a rear group are nu1 1-nu21 =-16.33. 

[0088] The numerical example 2 shown in drawing 2 has a zoom ratio exceeding 15 
times, and R1-R12 are the 1st lens groups F (the focal group F). Among these, R1-R4 
are the focal fixed groups F11 which are immobilization on the occasion of zooming 
and a focus, and have power (refractive power) forward on the whole, and R5-R12 
have power forward with the rear group F12 which is a focal migration group. It has 
power forward by nothing and the whole front ball lens group F for an operation of the 
front ball lens group F which has the operation which connects the object point to 
BARIETA V by R1-R12. 

[0089] R13-R20 are PARIETAV which mainly contributes to variable power, moves to 
an image surface side in monotone on the occasion of the variable power to a call 
since wide, and passes one -1 time (actual size) the image formation scale factor of 
this on the way. It has negative power, and since the compensator C which mainly has 



an operation of the image point amendment accompanying variable power is wide, it 
moves to a body side from a wide angle edge criteria location on the occasion of the 
variable power to a call, and R21-R23 are compensators, and it exists [ it moves to an 
image side from a certain focal distance, and ] in an image side rather than a wide 
angle edge criteria location by the tele edge. SP (R24) is a diaphragm. 
[0090] R25-R41 are the relay groups R which have an image formation operation, and 
R42-R44 are glass blocks equivalent to color-separation prism. 

[0091] Compared with the numerical example 1, the zoom ratio has attained field angle 
2omega=65.8 degree of a wide angle edge with 15 times and a high scale factor. 
[0092] In order to attain this wide angle-ization, it is necessary to amend many 
aberration greatly influenced by the field angle, such as distortion aberration and the 
chromatic aberration of magnification, good. Moreover, the front ball f number is FN 1 = 
1 .054 and a very bright thing. 

[0093] So, one negative lens and three positive lenses constitute the rear group which 
is a focal migration group from this example. And by setting difference nu1 1-nu21 of 
the Abbe number of each negative lens of a pre-group and a rear group to -12.58, 
good chromatic-aberration amendment is performed in spite of the wide angle. 
Moreover, also in the rear group, by making comparatively high the refractive index of 
the quality of the material of the positive lens by the side of the image surface among 
three positive lenses, though spherical aberration and distortion aberration are 
amended good, it is considering as optical arrangement which contributes to 
chromatic-aberration amendment. 

[0094] the numerical example 3 of drawing 3 — the numerical example 2 — comparing 
— abbreviation — though it is the same lens configuration, suitable selection of power 
arrangement has attained wide-angle-izing and high variable power-ization further, 
and a zoom ratio is 20 times. 

[0095] And in order to attain miniaturization to coincidence, the movement magnitude 
in the case of the variable power of BARIETA V and Compensator C is strongly 
reduced for the power assignment of each lens group. 

[0096] For this reason, the f number of the 1st lens group is 1.198 and a severe thing. 
In addition, the retro ratio of the 1st lens group must be raised for the further 
wide-angle-izing. Moreover, since the focal distance of a tele edge also amounts to 
1 60mm, amendment of a tele edge, especially chromatic aberration becomes difficult. 
[0097] So, in this example, a pre-group and a rear group have a comparatively high 
refractive index, a negative lens with the very small Abbe number and a positive lens 
with the very big Abbe number constitute them, nu11-nu12 set to -62.68, and 
nu1 1-nu21 are setting them to -1 1.90. And by giving the achromatism of a pre-group 
further to a rear group, fluctuation of many aberration is suppressed good throughout 
a zoom and the focus. 

[0098] Moreover, fluctuation of many aberration especially by the focus is suppressed 



good by constituting the rear group with three positive lenses like examples 2 and 3. 
By having increased the degree of freedom of a design of a focal migration group, this 
only not only in (i) spherical aberration Since the width of face of selection of the 
quality of the material of (ii) lens element which is raising resolution especially among 
optical-character ability since a leeway is given also in fluctuation amendment of 
—other astigmatisnrretc. becomes large Especially the very big positive lens of the Abbe 
number is adopted, the achromatism of a focal migration group is raised, fluctuation of 
chromatic aberration is reduced, and the effectiveness of reducing color blots of an 
image is drawn. 

[0099] the numerical example 4 shown in drawing 4 — the field angle of a wide angle 
edge — 2 — although it is about omega= 57.6 degrees, there is a zoom ratio also 44 
times and the field angle of a tele edge is called 2omega=1 .4 degree — extraordinary 
— high — it is a scale factor zoom lens. 

[0100] Since the focal distance of a tele edge is very long, it becomes difficult 
amendment of spherical aberration and to amend [ of axial overtone aberration ] this 
example. For a certain reason, amendment of zoom fluctuation of many aberration is 
also still difficult for coincidence also a zoom ratio and 44 times. 
[0101] So, in this example, in spite of not being a wide angle zoom like the numerical 
example 3, a negative lens with a comparatively high refractive index and three 
positive lenses constitute a focal migration group first, and the same effectiveness as 
the numerical example 3 is drawn. Next, the aspheric surface is given to R28 page 
among Compensators C, and especially the spherical aberration by the side of looking 
far is amended. And the focal fixed group is raising achromatism from the first by 
arranging the positive lens element of the quality of the material with the very large 
Abbe number also in a focal migration group. Aberration amendment is performed so 
that high optical-character ability can be obtained also in the tele edge of 
super-****** by such technique. 

[0102] The negative lens in a rear group is the negative meniscus lens of concave at 
the body side, and it is mainly made effective [ the negative lens ] against axial 
outdoor daylight line aberration amendments, such as a curvature of field and 
distortion, furthermore. 

[0103] At this time, it is nu1 1-nu12=-57.93 and nu1 1-nu21 =-12.43, and the secondary 
spectrum of the axial overtone aberration of a tele edge is decreased especially by 
leaps and bounds. Although the axial overtone aberration of the tele edge in the 4th 
example is 3 times [ no less than ] the focal distance of other tele edges of the 1st - 
the 3rd example, the amount of secondary spectrums is amended almost equally. 
[0104] 

[Effect of the Invention] While setting up appropriately refractive power, an f number 
value, etc. of a front ball group in the so-called 4 group zoom lens as mentioned above 
according to this invention By dividing a front ball lens group into a focal fixed group 



and a focal migration group, and taking a division method with which are satisfied of 
the predetermined conditions of arrangement of lens EMERENTO, a refractive-power 
assignment, and an achromatism assignment Fluctuation of variable power and the 
spherical aberration accompanying focusing, and chromatic aberration is lessened, 
furthermore, the about 1.7 f number of a wide angle edge with [ amend fluctuation of 
transverse^chromatic aberration; such as astigmatism accompanying variable power, 
and a curvature of field, with sufficient balance, and ] high optical-character ability 
over all variable power range and all focal range and a variable power ratio — the 
zoom lens of a high variable power ratio can be attained by about 13 to 44 diameter 
ratio of macrostomia. 

[0105] Moreover, the same effectiveness is acquired even if it applies this invention to 
the zoom lens which moves some relays according to variable power. 
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[Brief Description of the Drawings] 

[Drawing 1] The lens sectional view of the wide angle edge of the numerical example 1 
of this invention. 

[Drawing 2] The lens sectional view of the wide angle edge of the numerical example 2 
of this invention. 

[Drawing 3] The lens sectional view of the wide angle edge of the numerical example 3 
of this invention. 

[Drawing 4] The lens sectional view of the wide angle edge of the numerical example 4 
of this invention. 

[Drawing 5] The aberration Fig. of the focal distance f= 9.0 of the numerical example 1 
of this invention, and 3.0m of object distances. 

[Drawing 6] The aberration Fig. of the focal distance f= 18.0 of the numerical example 
1 of this invention, and 3.0m of object distances. 

[Drawing 7] The aberration Fig. of the focal distance f= 36.0 of the numerical example 
1 of this invention, and 3.0m of object distances. 

[Drawing 8] The aberration Fig. of the focal distance f= 72.0 of the numerical example 
1 of this invention, and 3.0m of object distances. 

[Drawing 9] The aberration Fig. of the focal distance f= 1 1 7.0 of the numerical example 
1 of this invention, and 3.0m of object distances. 

[Drawing 1 0] The focal distance f= 117.0 of the numerical example 1 of this invention, 
the aberration Fig. of object distance infinity. 

[Drawing 11] The aberration Fig. of the focal distance f= 117.0 of the numerical 
example 1 of this invention, and 0.9m of object distances. 



[Drawing 12] The aberration Fig. of the focal distance f= 8.5 of the numerical example 
2 of this invention, and 3.0m of object distances. 

[Drawing 13] The aberration Fig. of the focal distance f= 17.0 of the numerical example 
2 of this invention, and 3.0m of object distances. 

[Drawing 14] The aberration Fig. of the focal distance f= 34.0 of the numerical example 

- ~2~of this-inventionrand-3:0m of object-distances. - — - 

[Drawing 1 5] The aberration Fig. of the focal distance f= 68.0 of the numerical example 

2 of this invention, and 3.0m of object distances. 

[Drawing 16] The aberration Fig. of the focal distance f= 127.5 of the numerical 
example 2 of this invention, and 3.0m of object distances. 

[Drawing 1 7] The focal distance f= 127.5 of the numerical example 2 of this invention, 
the aberration Fig. of object distance infinity. 

[Drawing 18] The aberration Fig. of the focal distance f= 127.5 of the numerical 
example 2 of this invention, and 0.9m of object distances. 

[Drawing 1 9] The aberration Fig. of the focal distance f= 8.0 of the numerical example 

3 of this invention, and 3.0m of object distances. 

[Drawing 20] The aberration Fig. of the focal distance f= 1 6.0 of the numerical example 
3 of this invention, and 3.0m of object distances. 

[Drawing 21] The aberration Fig. of the focal distance f= 48.0 of the numerical example 
3 of this invention, and 3.0m of object distances. 

[Drawing 22] The aberration Fig. of the focal distance f= 96.0 of the numerical example 

3 of this invention, and 3.0m of object distances. 

[Drawing 23] The aberration Fig. of the focal distance f= 160.0 of the numerical 
example 3 of this invention, and 3.0m of object distances. 

[Drawing 24] The focal distance f= 160.0 of the numerical example 3 of this invention, 
the aberration Fig. of object distance infinity. 

[Drawing 25] The aberration Fig. of the focal distance f= 160.0 of the numerical 
example 3 of this invention, and 0.9m of object distances. 

[Drawing 26] The aberration Fig. of the focal distance f= 10.0 of the numerical example 

4 of this invention, and 10.0m of object distances. 

[Drawing 27] The aberration Fig. of the focal distance f= 19.49 of the numerical 
example 4 of this invention, and 10.0m of object distances. 

[Drawing 28] The aberration Fig. of the focal distance f= 69.79 of the numerical 
example 4 of this invention, and 10.0m of object distances. 

[Drawing 29] The aberration Fig. of the focal distance f= 257.37 of the numerical 
example 4 of this invention, and 10.0m of object distances. 

[Drawing 30] The aberration Fig. of the focal distance f= 441.10 of the numerical 
example 4 of this invention, and 10.0m of object distances. 

[Drawing 31] The focal distance f= 441.10 of the numerical example 4 of this invention, 
the aberration Fig. of object distance infinity. 



[Drawing 32] The aberration Fig. of the focal distance f= 441.10 of the numerical 
example 4 of this invention, and 3.4m of object distances. 

[Drawing 33] The explanatory view of paraxial refractive-power arrangement of the 
1st group of the conventional 4 group zoom lens. 

fDrawing 34] The lens sectional view of the 1st group of the conventional 4 group 
zoom lens: 

[Drawing 35] The explanatory view of paraxial refractive-power arrangement of the 
1 st group of the conventional 4 group zoom lens. 

[Drawing 36] The lens sectional view of the 1st group of the conventional 4 group 
zoom lens. 

[Description of Notations] 

F The 1 st group (focal group) 

F1 1 Focal fixed group 

F1 2 Focal migration group 

V The 2nd group (BARIETA) 

C The 3rd group (compensator) 

R The 4th group (relay group) 

G Glass block 

SP Diaphragm 

e e line 

g g line 

deltaS Sagittal image surface 
deltaM Meridional image surface 
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*l»*2 0©U>X»fC»*JU ^O2OC0lx>'Xg¥ 
©MRBfc&KaMMMP 6 *BB®t*i*^© 7 * - * > > 

CO 0 0 8] — HWc-O^- 7*-*XS©X-Al/> 
Xtt£li¥#f**#»S#T:7*-*;**fTfc3X-A 

uvxtdt^tiB i w©*ab«*vh«-< a o> u>x?& 

[000 9] 

*nmtt (««*.« 1 . 7-3. 3) s me« 

Jt (mfcfgflSJt 1 3-4 4S&) T\ LfrS>±^gSg 
[0 0 10] — HftK^aS«ttHRtf^7*— *^«HtC 

t^U>XSf<D^7-5^? < vx^uyxmx^-r 

buz *£xw.mm m±<D i ss^ti^-r c t #£>g t ft o 

RS*^#<ftofc»?, UVXtfe^tiJbp-rSftifLT, 
T< £>„ 

[0 0 1 1] X, «iSO]!i«MfflX-AU>X(c*3V^T 

3fiE«ttte©l«a±*»M. O. D OBMSSUglgND <D®^ 

*\ tt«±. 'mmsk±. agftsmoiotftooo 
[0012] b^uft^e.. tmmx-huyxicss^ 

AP@J±ft*I, fL/TM. 0. Dtfjgvvfl, *#<ftS 

[0 0 13] MiS©7.*— i&^^^CT^TV'''*. 
(i\ ftfflBB 5 2- 1 0 9 9 5 2#^$B, ft BIJI& 55-5 
7 8 1 5*&Si, #F»PS5 5-11711 9^IB©X 

-Aix>XT'«nxMMiE±, sg i m(Dm&is>ximtf 
&i>tttb* u>x£m**iMt, «mtu ttii< 

ft-pT L$ 5o 
[0 0 14] ^BS6 1-5 3 6 9 6#^$8©X— 

*R«a:7 *-*xi$©si i mtmmuz/xmt<D&m.m 



[0015] m \m<om<om^^.<ox-L.u>xx' 
m i m&ft&Bmm&Mf&icxZ'miticmtz 

ft^>(conT^ffiiRMt±7>^-^fijn, ttLbfeUXMfc 

rvx-fcft^c 

[0 0 16] iXTU:c©fc#<Di&M»£;<#-X.Mc 

[0017] 03 3tewnmzn.<D®VTt]<D%ii imt 

1 1 tlE<Dmffit><D$g 1 2i¥L l 2t«abfti:*o* 

^Ijfifft^OiJiB^iaT^^o 03 4li4g£X-AL'>X{C 
*5tt£ftSl$ft!g l^Ll Ol/yX«iI0T'3&5o 

[0 0 18] 03 3lC*5^T, H^A^KjS^^*- 
#XB#<DfuK, &mtfiM. 0. DB#(D{4HT'fe5o I*15£ 
T^-r^PI3§7*-*X^F<D3fi$ft7t«80^1 lPtmi 
2 g^©A#tiS%£-* h a , h b, ^1 lpa^ l 2Sf 
F(S<Dfl££l£ra, jStfP^"rM. 0. D B#£>jfi$flft*£©gf 

lS¥t^2gf'\OA^«r#^h a' . hb' , ^1 1 
mtmi 2»IUJ(D«ft*a' i:-T^i:a' <at^5fr 

hb-ha<hb' -ha' 

[0 0 19] <ltlT'3^iJXMS»T'«ttl±felRM0 3^ 
iRM^Lfijfi$ft^iSh0 2m^it^JL. ^ffilRM© 

3 ww&gM*. i aaanjeii* h« 4 ssfcjtffijr 5 0 £ 0 

7*-*^3SrS;t*««tl8i8»(*«f<t»)M. O. DB#<D7? 

L tiXvx^regfc A# < ft^fc46W±feiJKM«7' 
>X-^v ftftl fe|Bliti(eX'7X7?[R]tcA^ < ft 3fci6 

[0 0 2 0] «f4tfB5 2-4 1 0 6 SW£m<DX-l±l< 

yXTBv 03 6ic^-r^dicm\m^2'D(D]yyxm 
fetu mmm<oi£(ommts<om 1 2pL 1 2*gwis 

[0 0 2 1] 1 1 g¥^m 1 2»0»W5S«l*fc 

L03 5 tCTjVTo 0 3 5 fc^TJ: -5 tCfS 1 2 i¥(col^T 

[0 0 2 2] ||^*^|5SjS^©7*-*X^F£DiaW^ 

ss-e, cofctosi i^, ^i 2^©A*fK^^ 

hf, hm, jja»t?^-rM. 0. D^fO^«7t^oail 

iwi:»i 2»^©A»ss%*^h f ' , hm' t-rn 

(±*03 3 (fBl»»»)tHb35r*) fcitKLT, 

hb-ha<hm-hf 

hb' -ha' =hm' -h f ' 



(4) 
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[0 0 2 3] ftoTlRl&ffiOX-AUi/XfC.fctUf, m 
lgf<Di^f)ttlL73^tClt^T, i8HSB#fr?>M. O. D 
mm T<D 3 ^O^ffiiRM^ I &t>*ttl±fei|XM^f& L © 

tt±feHXM<D^»*^^^§-<I i: 3o- Lfr 

[0 0 2 4] 3#BP8 5 2- 1 2 8 1 5 3#^$B©X-A 

<Dmm*i&m.M7*-*xi,ci2:2>izm^ : z<?z>c£ 
* s £ sfisgUi? * - * xb^cwkm t r y ?-ic®n 

[0025] coc ttcijp^T— flStcajfioa— *f— o 

[0 0 2 6] /Wl£$>3 VtD.fcS&iiSWSffl&Jifc 

ttllB*» S fc 46(C « s • » fc X- A OSBSftl-? 7 *- * X 
(c«i±fei|XM J f>fg^feilXM©^Wi^i|XM«0*6Mffl ; eo 

to*«^a«iiijLattntfjfiE^/B«**»sci:« , T?# 

[0 0 2 7] ^LT. #Rljl=Ui4»X-AU>X*#lJS 
t57*-AXffl(0^1 »©— »©U>X»*ttttl±» 

Pgd = (ng-nd) /(nF-n 
(4) 

Mtmwm<D U>Xfl5©ffi*¥S*S4 r a , r b t L 

[0 0 3 0] 
W3] 



"b 'a' 

sit f^>/^-%^^f t, fnt\ mmiuyxmo 



MJtl 3 — 4 4 gfi©*P&Jtfroi«^gJt©X 
[0 0 2 8] 

uvxa, ftttfti£ omiciE<Dmifxti<Dm iu>xm, 

»*«iE"r*iEXttfiOJa!ff*<DS3l^^XW. fit 

e«mi«tfrrs84 u>x^i:%WLfcX-Au>x 

fcfe^T, &£l U>X»tt-&«l«fH3£Ol9»i:«a8iS 

fr£>l£9. '■IWBW»« / >«:< fcfc lOOftl/yXLN 1 
1 fcfc 1 OOIEl^XL P 1 2©Jfe7_Lfc:2-0 

©l^X*#U ffi8B&&(*. «»ft:««fct) lSB**^ 
ti2#gfcgBB£n3'>&< 1 o©ftl/>XLN 2 
l < i: fe 2 o<DIE U>X*& LT*3 0 , tflSE&P 
<DM&mM%F c 1 2, suie^U>XLN l l £IEU> 
XLP1 20#l077^Mv 11N , v 12P> M 
ISftlx^XL N 2 1 ©«LSE«4:»K©7'v^»*#'<r 
f 2 1 , v 21N t^fct% 
VllN ~ V 12P <~5 5-- (1) 
VllN ~ V 21N < _ 1 0 "' 

-6. 5< f 2 1/F c 1 2<-3. 5— (3) 

[0029] fcoi*%«©n*«2THi, mmn.is> 

XLN2 1O«S£05^ dS (M5 8 7. 5 6 n 
m) , gM (i«4 3 5. 8 3 n m) , FW (&«4 8 
6. 13nm), CI (tS6 5 6. 2 7nm) Ofe© 
5:§-!;nd, ng, nF, nciLfeit, 

c)<l. 3 6-0. 0 0 2 08Xv 21 - 

1. 0<FN 1< 1. 7- (6) 
ffiU FN 1 = F 1/ (FT/FNT) 
0. 9<F C12 /F 1< 1 . 1 • ■ (7) 
***fF*»JE-r*«li:, 8912^1 l^OSgiSS©^ 
>X<0*SMiffiKfc*tKO7-y^«*#^ fill, v 1 

i i, msmi 2m<omi*m(ou>x<omjSimmttt 

f077^t^f 12i, v 1 2 itLfcfcf 
[0 0 3 1] 
W4] 



(5) 
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- 2 . 5X10 ~ 4 < E F s£ 0 



. L E F = E; 



0 £ E M< 2 . 4X10 



-4 



{1 L E M = E; 



fllixi/111 

1_ 

fl2lxi/12i 



(8) 
(9) 



-1. 28<EF/EM<-0. 75 

CO 0 3 2] 

CiHSStfiJ] HI. 02. 03. 04tt#>tr*5gB^cD^{fi 

sfeNHNi. 2, 3. 4<Dfcnmc$5if2>u>xtirmi®-e 

0 5~H 1 1 IttftWommffiM 1 ©IRISH. 
Hi 2-118 tt*$S010£MB£ffi09 2 ©i&MH. H 1 
9 ~H 2 5 {i#fgBJ§©&flifia60lJ 3 ©1&MH, H 2 6 ~ 
H 3 2 U^femoftflOfefiBiH 4 ©iRgBrt?&*. 
C 0 0 3 3 ] Hi ~H 4 {C*3VT. F &IE©H#t:*J©^ 

i isyxm (W5u>x») T'$.o> ajgomsF i 1 

X»i!)l*9Tlf^."IWF 1 1«'>4< ttlOCft 
U^XL N 1 1 '>ft< tt» 1 OCIElx^XL P 1 2 
OttSLftZ^OU^XWLTV^. »»F 1 2fctffe 
HMJn*) i#B*«V'»l4 2#Bfc:BEIl£*iS4>ft< tt> 
1 OWftb^XL N 2 1 iJ*ft< tt> 2-POiEU'VX 

ijXitmtF l 2*!i%i*filJ^i!!)^^±T^T^oTv^^ <) 

[0034] vitm2mtLr<o^mm<on.<Dmmt}<o 

fc»c«fc»), iEftfiS 07>T F)- fr&fljMI c^-u) ^©^ 
»ot^5. »2»V«Sfi©l»k:ilSfiRfflf**<W 

.(- 1 «) *frtmwrt-e»b**Tt^*. 

[0 0 3 5] Citm3mtLX<01EXitM<omtfft}<Da 
AtcSHbLTVS. S.Ptt«»K R«5B4»4: LT©IE 

co o 3 6] -m^AUX-L.uyx\z$s^xm^w 
M<om i »^fr-e«us-&te-&*ff * 5 > miiMEE 7 * - 

SlSMOllOWLMtf— SfcftSfc** U>X*W#lifi 
tflBWUcft* i: 1^3 . 
C0037] L*»Lft*«6»lW3B<iEOH*f***U 

ifi!EIi«Bflstc«US«-t>-&*-r*IR> IB l flfcWMMII'Nf* 

tt»hyb**<ii*U ifi3ift^-a-^liL<ftoT< 
CO 0 3 83 j e-C1»a|5§RSWK:*^'»Tt±Wa©«lJ«*W 

@^ i: U f£S¥ F 1 2 %WtM'^&M3-&TfT& 5 > 



••• (10) 

7 *- * «ffl-r * C C «fc T» 1 8¥ F © 

H!K HteSfiffi«©Jffltt{b*HoTi^S. 
CO 0 3 9] Stcil©@^©M8¥F 1 1 (£ttritfl!f£DNI 
fc>4< i: 1 1 o©ftU>XL N l 1 fcJtttW'hSftSS 
lffllffliH*HITT*l>ft < fcfc 1 o©iEl<>XL P 1 2tlc 

CO 0 4 0] £©@5£©itijg¥F 1 1 fc*^T«» ftl^ 
XL N 1 1 HiEUyXLPl 2 0ttS07yMROS* 

^fts (i) xwifoftu^x 

LN 1 1 tttS¥©feU>XL 2 1 -OTy^ROSS*^ 
i£ (2) OjJKftUvXL 2 1 ©T-y^lS*^:^ <^ 
LTV>3 0 C.ntC<fct)X-SyysKVH47*-*-»y 

CO 0 4 1 ] Jn*T, ftU>XLN 1 1 tiEUyXL P 
1 Z*&&\s>Xfr5£ Jt«W'.hSft£* 

vxl n 1 1 (ommmouyxmcD&m^mtiEuyx 

LP 1 ZOttttfflOl^XffiOfl^^&fCiOJftSSS 
.IB, Rfrlf^ML'>X{iBSHLV>ft^^@A^^ffliJ{Cifit«e 
<0iE^— ^*xi/>XJB«te«ljaLXV»*. 

co o 4 2] ^©^u^x^^-rscfcfcio. 

(b) «4RS§©fc*ftim«#"e*SfcaiK «rteW3fc«K£g 

(c) ftU^XLNl l#*ft*fc*J>» b!j3EU>XSP© 

CO 0 4 3] KfC7*-*^Sfft»T3&*«WF 1 2 
14, ftttffllJ;!) 1 Slfe5i/H4 2#StcBaH«ns / >ft 
< fcfe 1 o©^l^>'Xi: / >ft< fcfc 2 0©jEU>'X£*f 

i&mm<D%.W)ttm iet & *:>g«/jNifi©isft m «t t> 

CO 0 4 4] X, ^{*5£ (3) OSn<M©ftU^XL 
N 2 1 ©&£2BS!&5£4&T> 7*-**»^WrOiRS8e 

CO 0 4 5] (3) ©±|5Iffl«r^^7*-*X^ 

»WTa&sap©«Rj«K«iF c i 2*^^<ft^.t, 



(6) 



»9-5 6 2 8 



ii!}3.uzsxm£m±'hmittfmti2>t>(D(D. & 
5 ttumm^wjEt s z. t tmm t & o r < § . 

[0 0 4 6] tt±<D«lfig(Dfei:T% «g§fE<9g««ji 

LTV**. mz-tfCffa. F&g<D<fc9&20CDi£fifc:Ol^ 
T 1 &©fe?H Lfc«^l±, 2 h;l/*t«#-r 
S. CO l &©fe?HL»C*tLT0!l*.fcr g«ST^A,J£3 
o©«fi»cov>Tfy*iE*nfcU>X*7'#*nv— 
tf3*«. c©T#^aT— h«rau*-r*'fc*6K:«» IE 

<mLrc££lc£Z fei&M*f IE© 1 #©fe ^ Ltcftn*. 

[0 0 4 7] CCTWiWMR]tk«i*M»n F -n c tC • 
M'T5ffiiccD2O(0&SA 1 . A 2 0«$##» 
[0 0 4 8] 
W5] 

II A, — II i, 

[0049] Cm, F£L gSS<D3^fC-3VTfe^L^ 
^«nTI/>n«*fel|XM*-^{ijll5ET'fe5fc46, 4 00 
nm~7 0 0 nm©BrS*^lRli:»UTSI#feJR|g»4* 

[0050] Z£T\ mi ^>x»Ki3^^s^>'Xott• 

KteflBLTttttTOJ^fcSfcLTV-'S. 
( i ) W»fcov<>TfcJ\ Bfc&©&#5£© J: 3 teifittofe 

W?IE U > X& 7 y 9 0 «jBil 5 $><D*m^T^ 

©fcfflvT^S. ?©77^aoltt*ttS (l) ©£ 

ftfrogtti: d Sg©gp##fifcJ:bP g d **;l/S&£:© 
M1$ftWL<Ottmzi&^ & ©tf(5 £ A, if L T Vfc V > 

(i i) WWJ:0i 
SafeSl-'ttZSStcftU^'X^BBeLTl/^o Ctl 
It. Si8ttTf«l±JiettA»i«hA^«t,M<a*ffi«-pife 

[0 0 5 1] fCT, &U>X<D95$MHIUfcP pd*£k 
itt (4) ©J:3»c»JELTt/*5o ens, fk\s2/Xt 

4^&&$Lmm?&zM±&&£^5&-em&?ziEi' 

>Xlc T v ^ft«< 6 0 Ui±T% »SMHMt>Wt«M9** 
fi53 ±5*fe?NL<0ffl-&-&fc-rsc:i:fc<J;t>, SI3§a£i© 



[0 0 5 2] *fc*fNC (4) ©±Kffl*iBA*tiEl< 
it?%®.fa£*Z>o 

(i i i) '&m<Dn.uz/X£]Ei<>x<Dif&&t>&icm< 

\t\ &*5fro, fcs^iajsJffslsT&sWJlfc/B^T^ 

[0053] *gfe«gweajw±©*5»c, hUHu^xp 
F©3t¥E«at;»ji8*fl : *sa£LTt''S. cti&vyt 

[0 0 5 4] tCT7D-f-f V^tte, ^te^gttfg 

ft l r^-r § mmm-r z>u>xmft<D&z&m<D& 

[0 0 5 5] CO«fe5K:**fli09T«» suZEUyXPF 
%@^<D^F 1 1 £7*- tl^Wi<Dtcib(OWmV 1 

K, iK*l#ffi*»»K:»J£LT, X-A±lg«Rt>*7*- 

[00 5 6] ^> Vj lt v i 2 . Vz^cMbTli^St^ 

[0 0 5 7] ££ZT*7*-*JX&mmT'&2>'&mF 1 
2C0ff<D^U'>'XL N 1 2&C14, hSkE©^^ (3) 

<^v\ L^flUSEMO^^:^ c<D$ii<i/X<Dl> 
yX&mi&ftj£ (5) ©WHrtfcaiA*ck^iRSS» 

[0 0 5 8] CO^ttS (3) £mmLX2kftjS. (5) 
fcfcv^T. TIStf*TlHl*li^K:«,' aWOsfCAU^ 

^•fcffv^U>XJf^%LTv^ci:^f 0 

(i) MkE«O0 3 3—EI3 6 *X73^0lt^T* 

mmLrcc£icttL. y^-i3x^mm\c^.m.<ommts 

XHS»*ail*'r*ft!eo*'/hS<ft»)x hm-hf t 
h b-h aO«N^ <4otLS% itetc, 

(i i) 7*-*7.&mm<DWcfti&<D®ffititf%i^n. 

ls>XtffttE-?%£, £fc£l,TlE<DmifTt}%mir%m 



(7) 
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im<omw±&*w {stare £tfmmtis:2>rcit>, 

(i i i) mm%l<DBZ>-t>W<teK>?€2>t, £ftlt- 

[0 0 5 9] ffitC^S (3) (5) fC*5^T±l?S 

©fci6©mB#t3:i:A,£rftK&t>, FX^-X£if 
^■fctt©#&K&3{±*fr9T*&<> '0m<D\s>X<Dlm 

So 

[0 0 6 0] 35?fc*iRSW©X— 1 4fgfr£> 4 
4te*SJS©X-Al£%WU MfcX-A£«teT*nli 

<t*mm?z>rcibic. srwaeu^xis cmim) fic 

[0 0 6 1 ] X, <KD*f^<DTT*^1tftli:^ l U> 

mm? c i 2%sjiB'r*jfcKtfa&*. rax-Ai/y 

&t,Vc«>&#5£ (7) ©MiSfBEIrttC&«©*MigJt«' 

[0062] ±mm*m?LZ>£. nBojews;^-*! 

13 < & (3 7*-*X©|^©jf£iMtf;*:£ < &3 t 

[0 0 6 3] tcz-eis.wmWT-iim-t^&.ffiuc-D 

^{cl^>X^Wi^{b^- ttt'Tvt- 
7*-*7.^c*3V^Tli:. £1 U>XSfF:£tt©JP#«: 

^^©ferNLtf^gi&O, &f*5£ (8) ~ (1 
0) T'lSLT^S. EF, EM{itt{Cfe^L<DJS^-V^ 
£r^f s^* — ET = EM=0-J?fetl(f^l 

#FfC:l3ttSfeifiL«ft#at>©fcft»K S®4ST'£Dtti 
±feiRSSO««Wil>"rSo E F&tf EM*0fCifi-3ttS 

(i) &l^>Xx.u><>ho^lg^^:^<-rSo 
(i i) SU>Xxwyh©ttS<07'y^S^f< 



(i i i) &m<DUyXx.U*>b<Dffif&*JEl'^X£ 
$kU>Xlc£Offil&L. ttffi+o 
Chtfmf%*\% a LfrLfctfe.., (i) ©JggliX- 
AUVX±^0/J^{CfflS-r-5o (i i) tDJSgli^S 

©Ty^ftaiiiKtea: 2 o~9 5®e<D*u*»* <^ ps 

gtffcSo iot (i i i) ©JSStfRfcW^J&^IBi: 
Wpte-i'v^— ^*-*X7j^T-liM8¥F 1 lfcMfc 
fc^O&US'XfciEUvXofi^efcJ:?) E F©ffi£0 
fcifi-^tt #Jt«Wfc:?$M» T*2d o fc 7 * - * X 
»Ki»1?a&*a»«C63R«fc OfcKOIEl^X©*"!*** 
$nT*30> EM©ffi£0tcifi-3W-5C£:#BII£:Q:o 
"CVfco 7*— AX^aP^iEU^XO^T^LTl/^ 

LfrL&#£>> A^tf^a ;/©<fc5&;Sf»*ffl&B!li5#i:& 

z>t, x-i*i>yx%&m-tzm<o&mmigLmm$tt 
*T«jE-r*<&s^a5*. ?cT-, ms*f 1 i 

2^*5lt5fe^'L^ff^ (8) , (9) <D<t?tC/jN$ 

[0 0 6 4] &#5£ (1 0) filgl U->X8¥F t L/T© 
M58¥£{*©fe$iL©JliE-&t/\ BP^s M#.i:«W©felK 
MOfl^ffiL*^-?'^* — ZX°&% a COtftS (1 
0) ©TR«*T@*Cfcttffl5»fcfttt*&ifiL©« 
lE^St&tk ±!®{§£±II15C£«>B;:fe?ftL©j®£iJ 
^fn^Ci^'Jx- £WP$©ft3^c*5 
l>t\ fi5ffiW©firaL©3i^JS;&3r*>-fert'"*" J 5lliiE© 

fcfe, feiiLoawMi;, x-i*tp?3MT*<D&i&m 
©ci:^W3E»rt*»cfefe-rsa. (8) 

T> EF©«tfTlfiffi*TlHl*i:> Hu5S¥rt©feiRI§* 

UJB^ L fc «k 3 {c^Rgii i: M O D 43tt S fft±^AStiS 
h (Otitic X&Wjmtf&m ^B.£%:^ 

[0 0 6 5] atffeS (8) tC*5V^TE F<D{i^iE 

«2«tt^aT<*. ^ff^ (7) *»JgUOOEMO« 

^ -r § tc 46 »c «i n# tc »n © a »f -h <d i ^ v y x 
i?7*-i3x&mmcfttt%*m&mT< s 0 . . 

[0 0 6 6] 35?*c*«W©»ffi*«HM**-r. ^ffl*)56 
Wcfet^TR i ii*&f<*fflfj «t 0 WHtC^ i mg<Dl>>Xm<D 

ia*m d i idttttMj: »> & i mscoisyxmRVQ 
%mm. Nitv i «&>«?$&rt*<B!j<fc t»«ifc£ i msou 



(8) 
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coo67] jmmv&kftt£&.ffiiimKisvzn 
coo6 8] $mmi&vtitytW5foicxw* mAtmm 



k. a 2 , a 3 . a 4 . a 5 *&*t&smmt\sikt. 

[0 0 6 9] 
W6] 



X = 



(1/R)H» 
l+Vl-(l+k)(H/R) 2 



[0 0 7 0] 



+ AaH 4 + AsH 8 + AtH" + A»H" 



t»7] 





f=9.00 


fno=l: 1.7-2.0 2cu 


= 62. 9* -5. 4° 




T 1 = 


-899. 355 


d 1= 


2.50 


n 1=1.76168 


v 1=27.5 


Pg' 


rl-1 qi ester 


r 2= 


110.946 ' 


d 2= 


4.24 






Itf 


Q— I. uCmH. 


r 3= 


179. 5B7 
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